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ABSTRACT 

A general approact: is docusented as a guide to aid in the formulacion 
and implementation of cusiine, real time computer simulations. A computer 
program MULNUC], 1s developed as an on-line, real time computer sinu- 
lation of antisubmarine warfare {n s multiple burst ouclear environment. 
The principals of the game are a submarine armed with torpedoes, and two 
destroyers equipped with stand-off entisubwsarine weapons. The simu- 
laticn is intended as a demonstration of the on-line capabilities of the 
United States Naval Postgraduate School computer system and as a tool 
for further study of the factors involved in a representative ASW 


operational environment. 
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1. INTRODUCTION 

Simulation is a useful tool of the operations aralyst. This is 
cot @ mew concept, the cirst recorded simulations were conmlucted by 
the Chinese is tha fcorsm of "war chess" and were probably used to teach 
ywung meo gome of =e concepts of battle without the inherent danger 
of loss of life. Later accounts of simulations nave been recorded by 
the Prussisos, French end Germans [7]. 

This technique of analyzing a probier by simulation is now employed 
by all branches of the scientific coamunity. The present day high speed 
digital computer has given rise to a rapid expansion in the use of 
simulation as a method of solution to military, scientific, management 
and many other types of problems. 

Convincing the reader or observer that a simulation “models the 
teal world" is one of the primary problems confronting the analyst 
woo uses simuletion techniques in the solution of a problem. One way 
to minimize this doubt is to increase the role of the buwsn in the 
simulation. This can, in many cases, be done by the techniques of ou- 
line simulation. While on the one hand, on-line simulation increases 
the complexity of the problem by nature of the msn machine interfa-e, 
at the same tine, on-line simulation adds very complex logic (the man) 
to the problem with minimal effort on the part of the designer. 

The design of a simulation, and in particular en on-line s'mulation, 


can appear to be a formiaable task when first considered. However, if 


we 


the designer has an approach in mind and proceeds ia an organized 
manner, the problem usually divides into emall parrs thst are each 


Felatively simple. It is the aim of this thesis to taks « representative 
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problem and develop a computer simulation that can ba used as «@ 
teference for the construction of on-lina, real time, computer simu- 


lations in general, 


2. FCRAULATION OF ON-LIZE SIPMIATIONS 


In the formulation of on-lina simulations the dasignar must first 
lay down a good founcation jn the fo-vm of a well-planned ouclins. Tuis 
cutline must bogin by initializing and setting the scena for cha simu- 
lation. Whon this has been accomplished the dasigner aust turn his 
attention to the cdevclopment of a loop that will include sll the actions 
and interactions expected to occur in the simulation. Included as en 
integral part of this loop is a timing mechanism that is flexible erough 
te allow the simulatien to proceed at any rate required. A third part 
of the formulacion is concerned with providing a critique of the simu- 
lation, either as a running critique or sa compilation cf pertinent facta 


at the end of the simulation. 


INITIALIZING 

Initializing is the term applied to that porties cf the sinuletion 
which is executed before "play" begins. It iecicdesa date input, assign- 
ment of particular valuas to che parameters and eatering starting velvuss 
required for indexing th. logic. Herein is provided the flecibility 
required of any useful simulation. In the initializing portion the ground 
work must be formed for performing sensitivity analysis 1£ such anslysie 
is reouired. The initializing portion of the simulation must allow enough 
flexibility to provide for the various scensrios possible in the particuler 
simulation. Clearly then, the initislizing portion aust be designed wich 
these purposes as primary criteria ard subject to boundary conditions, 


such as equipment capabi)ities. 


ee ee 


AN TIZRATIVE LOOP 


la general many on-line simulstions contain an iterative lcop that 
13 cycled for each time peried. Tharafore, one of the first considerations 
to ha nada in thia passe of tha design is the determination of the step ing 
intecvel. Several factors aro invclved in this selection, the most 
dmoortant being the assurance chat che stepping intervel is compatible 
with the Logic flow of the situation being simulated. The designer must 
ther consider the amount of time required to accomplish the most com- 
sliceted siguastion situation thac can eccur in one cycle. These con- 
aicetations complete, the simulator must ingure that the cycling is such 
that the pleyer is not bored with the dats/action as présscted and also 
that this data/action (s not presented et a rate too rapid for the player 
ro fully comprehsnd. With these considerations in mind, « tentative 
looping cycle can be constructed end the designer may continue to develop 
tha necessary routines required to complete the iterative loop. 

The loop should now be fesnioned in its most elazentary form. The 
dasignar must consider several tasks that must be accomplished during 
cach cycle. These include, for exesple, advancing all participants one 
tine cycle, consiceration of tha possible interactions that can occur due 
to thése moves, tabulation of the resulta of such interactions, prese\© 
tation cf cutput to the plaver, permitting the player to communicate with 
the simulation, delsying the next cycle until the proper time interval 
hse transpired, and pessible other consideraticus dependent upon the 
particular simulation. 

Care and planning must be exercised in the construction of this loop 
since this is the foundation upon which the designer is to build bis 
simulation. If logical error: appear in the order of these routines or 
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@ component is not considered in this loop, the remaining portion of 
the design will be difficult, if not impossible. Planning in this 


portion of the development will be time well spent. 


THE CRITIQUE 

Tha critique is that portion of the simuletion in which the entire 
simulation, or any integral part, is analyzed and the results compiled 
in condensed form. There are several basic techniques that may be 
explored in this part of the simulation. The least complex of which is, 
in most cases, a complete "recording" of the game that can be “replayed” 
at a later time at any speed desired. A more complex anproach to the 
problem of parforming a critique of a simulation is that of including 
a vecording/analysing routine in the iterative loop. This routine would 
extract the desired information during each cycle of the loop. It is 
apparent thet not avery cycle need o@ recorded, and therefore, a decision 
logic must ba included that will extract all necessary informstion. 
Associated with this tachnique must be a recording routine that can be 
queried at intarvals or at the conclusion of the simulation. 

Much cere must be exercised in formulating the design and locst‘ion 
of the critique routine since this is the major saeroe analysis avail«dle 
to the analyst. Flexibility sad adaptability are considerations that 
must be wade to allow the simulation to be fully appreciated as an 


analytical tool and not just a "parlor game.” 
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3. PROGRAM MODULAA IZATION 

In general, programmers attempt to modulerise their programs. There 
are sevetel raasors for this, the most obvious being that of providing 
logical grouping of ideas. The large scale simulation is usually modu- 
larized by the use of subroutines. This use of subroutines is convenient 
dece use: 

a. Several separate groupe may be working on various sections of 
the problem, and in many inatances the use of subroutines is the best 
technique. 

bd. Computations which are to be callad upon several times in the 
main program are beat handled by the use of subroutines. 

c. The prograa may be of a magnitude such that the entire progres 
cannot be compiled in one pass. Fi 

These reasons are vaiid for the large scale simulation. In simu- 
lations which are moderate to small in size the use of subroutines may 
sdd unnecessary factors to be consiaerei, with the exception of reason 
(bd) above which is a valid reason foc the use of subroutines in most 
computer applications. 

By careful construction of the statement numbering scheme, available 
in languages such as FORTRAN, the progrenmor of the moderate to suall size 


simulation can modularise his program without the additional cocsiceration 


se nS a a 


of designating common storage and the other difficulties «experienced when 


programming subroutines. 


ADVANTAGES 
The above technique sllows the designer to use the familiar computer - 


lenguages, such as FORTRAN, in place of special simulation languages. 
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It also alleviates thea requirement of either providing the cseeder with a 
description of a special lenguage or causing him to go to am cher source 
to interpret the program. Using e« “standard” lenguage, such se FORTRAN, 
the designas can reasonably essuma that the reeder needs little or ne 


explanation. 


VLEXIBILITY 
The use of modularization with statement numbers gives all the 

“hereut flexibility obsarved in the special lenguages when the simulation 
»3 of such a magnitude as to allcw compilation in one pass. When sinu- 
lations are in the design and programing stages, the use of the above 
technique can allow as much flexibility as the simulation requires. Sxit 
from the blocks when programming in FORTRAN can be accomplished at any 
logical point with nothing more than « simple GO TO or COMPUTED CO TO 


statement, and thus the logic flow is easily eccomplished by this method. 
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&. SYSTEM VARIABLES, COORDINATES AND NOTATION 

Certain specisl simulation languages provide for dycamic sllocation 
of storage for tables which facilitates the designation of data in a 
flexible art sxpandable form. This is not necessarily required dy the 
moderate size simulation. The designer of there moderate size simulations 
may find the techniques es explained below moze desirable, since his 
problem ig not generally one of storage limitations. The criterion for 
the dynamic varsus preset storage decision is felt to be that of program 
size. In programming the moderate size simulation the programmer may 
find that constructing a schema for naming variables may create casier te 
work with variables than the complex tabular form of the special simu- 
lation language. This was found to be true in the programming of tha 
example simulation, MULNUC], of this thesis. 

The general approach to the naming of variables in the example 
program was that of using vectors to represent o given paramater, each 
component of the vector being representative of the value of that parameter 
with respect to the unit concerned. An example, that of the X-coordinate 
of the it® destroyer, being DDX(I). Once the scheme is understood the 
programming moves along without s great amount of thought required by the 
programmer as fat ag variable names are concerned. Certain variables | 
must be set aside as dummy or temporery. und these logically take on forms 
euch as: ITESMP, TEMP3, DUMMY(I), and forms that immediately classify thea 
in this category. So eeat.s 

In general, several different coordinate systens ate required in 
simulations. in the war game an overall "area of play" must be established. 


This can be either rectanguler or polar, two or three dimensional. the 


axes of the rectangular coordinate system ere not cecessarily gradusted 
in the same units. In the example program, for fnstance, it will be 
geen that the third axis (depth) is dimensioned in feet, while the two 
major axes are dimensioned in yards. Yurther, the third axis has the 
normally negative direction established as positive. These, perheps 
unorthodox, measures are taken to facilitate programming; however, they 
must be spelled out in the documentation of the simulation to prevent 
possible misunderstanding. 

Many simulations require more then one coordinate system.to be 
employed. The overall play is perhaps in a rectangular coordinste system, 
while range and besring information may be required during the play of 
the game. This will uecessitate the incorporation of an overlew of one, 
or perhaps several, polar coordinate systems upon the bese system. If 
a "close-up" view is required during the play « translation and/or 
expansion to ancther rectangular system may be required. It can now be 
seen that, in general, several coordinate systems will be used in a war 
game type of simulation. Therefore, « plan for the designation of these 
various coordinate systems and their respec.ive tcansiomationg must 3 


established early in the formulation of a simulation. 


> ; Ae. Me Soe AO A th eet, A YOR wk he 


a 


ed 


ee ao ae 


Pern en nr eran 


ae 


4, = 


Ie Re aS pe pees 


$8. MULNUCL.- AN EXAMPLE 

MULNUC1] 13 an on-line, real tice simulation used as an example of 
thea application of ideas prasented in sactionsa one through four. The 
eiaulation had its beginning at the Naval Radiological Defense Laboratory, 
Hunters Point, in the sumsar of 1965. During a six-week tour of the 
Maval Radiclogical Defanse Laboratory, it wes found that little had been 
done in the exploration of tactics and possible reactions of surface 
antisubmsrice destroyers exposed to a self-inflicted multiple burst 
nuclear environment. At this time the simulation used as an exsmple in 
this thesis had its beginning, In the example program, MULNUCL, all 
classified input parameters have been assigned fictitious values so that 
the computer program, as presented in this thesis, could remain unclassified. 

In 1965, Lieutenant J. &. Johnson programmed the on-line display, 
Display Data Corporation model DD 65, using a rather simple simulation 
situation (2). He did make «# contribution in the form of an advancement 
in the techniques of on-line programming of simulations. Having observed 
a dosonstration of Johnson's program, it was felt that the technique of 
on-line display would be ideal for the envisioned program, MULNUC1. 

Several links were missing in the chain necessary to put the envisioned 
program on-line. The first link was a requirement for a routine to gen- 
erste circles of arbitrary size and location. This was accomplished with 
subroutine CIRCLE (see Appendix III). After completing subroutine 
CIRCLE, attention was turned to the necessity for a random nusber gen- 
arator capable of generating several types of random variables. Tha 
distridutions of random variables required were uniform, normal, and 


circular normal, These generators were written in the form of subroutines 
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UNIFORM, NORMAL, end ERROR. The subroutine RANVAR is the besic randoa 
number genarator called by these subroutines in the generation of their 
Fespective random variables. The above routines completed, only the 
communication routines required to link the Centrol Data Corporation 
1604 and 160 computers remained. This requiresant was satisfied by sub- 
routines DCIRCLE, DYRACK, PARAMS and DSTATUS (see Appendix IIT and 
Acknowledgements). 

At this point the preliminary work was complete and the formulation 
of the initislizing, iterative loop, aad critique portions of the simu- 
lation was begun. These three basic steps, as discussed in section two, 
were incorporated into an executive control block, 

The Executive Control routine is flow charted in Appendiz II and 
coneists of three major parts. The first of these parts is the 
initializing portion. It is made up of foe blocks: 

1. Inputs 

2. Set Constants 

3. Initialise 

4 Enter Input Changes 

In this subsection we shall consider the first three, leaving the 
latter for discussion ia the subsection titled Man Machine Interface. 

The Inputs block is the one in which "standard" or nominal input 
parameters are set. These psrametezs are listed below. 

Humber of Destroyers . 
Time Pactor 
Destroyer and Submerine Maximum Speed 
Submarine Hull Parameters 

18 
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Initial Positicas 

Yeitial Courses and Speads 

Nominal Yield of Nuclear Waespons 

Depth of Thermocline 

Maximum Range of Weapons 

Detonation Parameters for YWaapons 

Randow Nuaber Generator Initializer 
Any of these parameters may be changed iam the enter input changes block 
(see Men Machine Interface subsection). These carameters were choser 
as the minimal requiremerts necessary to produce a simulation thet has 
some realism and yet is not too complex, The structure of this program 
is guch that any dlock can be exranded to include more parameters, 
thereby creating a more realistic sinuletion. 

Set Constants in a block used, as the name fmplies, te initialize 
non-changeable inputs. In this block, all the logic indicators are set 
to orient the game. All damage and radiation levels are set at sero. 
The indices for tracking, firing, end sonar contsct are set at sero. 
This is easily followed by cross referencing Appendices I and IV. 

The Initializing block begins by initislizing the random number 
generator subroutine and then calculates the following parametecs: 

Water Temperature Gradient 
Submarine Crush Depth 
Operational Depth of Submarine 
Wind Direction and Velocity 
Minimum Safe Range of Weapons [6] 
Bffective Sonar Rangs 


Sea State 
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Thase calculations are straight forward and can easily be followed by 
cross referencing Appendices I and IV. The block also presents input 
parameters of intzrast to the destroyer teen, guteaciss team (if selected), 
and critique routine. 

Subsurface nuclear bursts are divided into four classifications: 

1. Very Shallow 

t. Shallew 

3. Deep 

&. Very Deep [4] 
The criteria for selection of clacsification are depth of burst and yield. 
The detarmination of classification of burst is made at this point in the 
program ana an index IDES? is set {see Appendix I). The four matrices of 
output data are filled with neogative zero, since negative sero is pro- 
gtammed not to print on the displa:. Pinslly, 4£ the role of the sub- 
marine is to be played by the computer, the basic strategy of the sub- 
marine is randomly detarminad (see sutwarins Logic Model). 

The naxt major part of the Executive Contro} Routine is the iterative 
loop. It io mede up of eight blocks: ‘ 

1. Plot Positions 

2. Display Data 

3. Pilot Generator 

4. Interactions 

5. Radiation Model 

6. Sater Changes 

7. Submarine Logic Model 

8. Time Loop 


The first three of these will be considered now, while the remaining tlocks 
will be explained in later subsections. 
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The Plot Positions bl<ck is utilized to tranemit output information 
to the left tube of the DD $5 (sea Figure 2). ‘This output information 
consists of the following data: 

Dastroyar Tracks 

Sonar Contact Plots 

Destroyer Courses, Speeds and Coordirates 

Orientation and Size of Area Displayed 

Important Messages to the Player 
This informatdan presentation ig coverad in more detail in the section 
on Mam Machine Interfece. 

The Display Data block performs the sime function with respect to 
the right tube of the DD 65 (sec Figure 3). Figure 3 lista the data 
displayed by this block and for this reason it wili not be listed at 
this point. 

The final major part of the Executiwe Control Routine to be con- 
sidered at this time is tha Critique block. Thia block critiques the 
simulation by performing several tasks. The entire sizulation is recorded 
on magnetic tape and can be reviewed at a later time. If any significant 
action or interaction occurs game time and the nsture of the action/ 
interaction are recorded by the Critique I bleek. A narrative prijat out 
ig made at the conclusion of the simulation by the Cririque II block. 
To correlate this informetion a graph plot of the tracks of destroyers, 
submarines, and all pools and clouds of radiation is made. Detail of 


these operations is doctmented in Appendix IV. 


PLOT GENERATOR 
The Plot Generator block advances all participants each tima step 
(see Appendix II}. The block thea determines if there sre any clouds or 


pools of radiation. If there are clouds, they are advanced using wind 
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ee RIGHT TUBE DISPLAY 
INPUT PARAMEIERS 
NUMBER OF DESTROYERS ... 2 
SIZE OF ASROC WARHEAD ... 2.0 KT 
DEPTH OF THERXMOCLINE ..-120.0 FT 
MAXIMUM RANGE OF ASROC . 9000.8 YaROS 
DEPTH OF BURST ..seeree5 200.0 FF 
SINK RATE OF WARHEAD ... 18.0 FT/SEC 
TIME FACTOR ®eeoreaugevveas? §.0 
WATER TEMP GRADIENT .... ©,535 DEG/LOOFT 
& 
EFF SONAR RANGE . $271. «IND DIRECTION 179 
GAME TIME 42.5 WIND VELOCITY 28. 
WARHEAD SIZE 2.0 SEA STATE ? 
oD1 pn2 
MAX SPEED AVAIL 33. 33. 
CONTACT CLASS 1 
SONAR RANGE 4899. | 
SONAR BEARING 65 
DOPPLER 1 | 
TARGET COURSE 2 
TARGET SPEED 22. 
.FIRING SOLUTION 1 
RADIATION RATE ; i 
RADIATION DOSE : ; 
FIQRE 3 
i] 
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waloecity and direction to determine motion, and the radius is computed 


{1]. Pools are considered to be stationary since their drift is negligible. 


INTERACTIONS 

interaction {se the largest block and for clarity has bean broken 
into sub-blocks. Them sub-blocks are: 

1. Sonar Contact Modal 

2. Contact Tracking Model 

3. Waapon Firine Model 

4 Evaluation Medel 
The intezactions block is constructed in the form of a locp that considers 
the interactions of each unit in succession. The organization ia well 
documented in Appendices II and IV and wili not be further explore’ at 
this time, however, the details of che four sub-blocks listed will ba 
considered below. 


SOr4R CONTACT MODEL 

The Souar Contact Model uses « ray path theory detection scheme in 
a deterministic manner [3], This determinietic detection range then has 
a@ variance superimposed upon it. The net result is @ fairly realistic 
sonar detaction model. Tie majer limitation of this model is that it 
only handles the constant tesperature gradient case. The inclusion of 
Other gradiseats causes the sonar detection problem to aseume a much more 
complex nature. Included in the model is a degradation of sonar range 
due to excessive destroyer speed. The range and bearing given as outputs 
from this model have range and bearing errors included. The deta, with 
these errors, is than utilized by the tracking and firing models. Doppler 


ig also calculated in the model and sent to the display as: 
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- Up Doppler 
2. Down Doppler 


3. Wo Doppler 


CYiaCY TRACKING popaAt. 

Tue Contact Tracking Model tees cg input date the output of the 
Sonar Contact Model. A simple criteria, requiring three consecutive 
marks from the sonar model, is used to distinguish non-contacts from 
contacts. Once three corsecutive marks are received, the modal determines 
the contact course and speed. This is done with a simple no parameter 
track model that considers at least three but no more than five marks. 
The course and speed of the contact sre determined from the first and 
last of these marks. This track model ig unsophisticated but the error 
induced in the output is fairly realistic. This model is of the first 
that should >e improved upon if more work is to be dons on this simulation. 
The output of this model is in the form of contact course and speed. This 
modal provides dual routing, dependent upon the track. This will be 
discussed further in the subsection on Block Sequencing. Determinstion 
of whether or not the target is in firing range is made just before exiting 


the routine. 


WEAPON FIRING MODEL 
The Weapon Firing Model takes the last position of the contact from 
the Sonar Model, the contact course and speed frow the Tracking Model, 
and then determines a firing solution. The range is considered, with 
time of flight and sink time, and the tise of burst is determined. A 
dead reckoning position of the target is computed from the track data 


and this position becomes the aim point of the weapon. The model then 
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calls subroutine ERROR from which the true fall of shot is determined. 
The weapon is given a reliability check in the model and if this teet is 
failed, the player will be notified that the weapon bag misfired (see 


Man Machina Interfaces guhsection), 


EVALUATION MODEL 

The avaluation model initializes the pool and cloud of radiation 
ereated by the subsurface nuclear burst. To accouplish this the model 
takes data from the firing model ist the location of ground sero and 
data from the inputs blowk for yield, depth of burst, and type of burst. 
The radius of the radioactive pool is then determined [4] (the cloud 
patematers are computed in the plot generator model). 

A simple critaria for damage to the subeezine is used. The lethal 
range is determined using submarine hull parameters, yield of warhead, 
and submerine dapth as received from the submarine logic model, Slant 
¥range to the burst from the subuarine is computed. If the subaarine is 
within the lethal range, damage is 100%. If the submarine is outside a 
radius equal to twice the lethal range, damage is sero. Values Of sub- 
marine damage beiween zero and 100% are computed by a linear relation- 
ship, thea, if at any time the submarine’s total d: «30 reaches the 75% 
level, the game is tarminated with the submarine considered as having 
been sunk. 


RADIATION MODEL 


_.....- She Radlation Model determines if any weapons have been detonated. 


If none have been detonated, the block is bypassed and the program cone 
tinues. If weapons have been detonated, the model computes the distance 


of each destroyer from all pools and clouds of radiation. The location 
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and size of 611 pools and clouds is received from the plot generator 

model along with the location of the destroyers. The model then determines 
if the destroyers ere within the perimeter ef any pool or cloud. If this 
condition exists, tha radiation level in the cloud or pool is calculated 
(1, 4]. The total radiation being received by each destroyer is then 
calculated. The radiaticn rate and total radiation doge for cach 

destroyer are computed and sent to the display (see Man Machine Intarfsce 


subsection). 


SUBMARINE LOGIC MODEL 

The submarine can be controlled in two ways: 

1. By a submarine team. 

2. By the computer. 
This decision is made in the enter input changes roctine. Tha progres 
is such that the computer will play the role of the submarine unless the 
variable ISUB is set equal to one by the enter input changes routine. 
If ISUB is set equal to one, control of submarine depth, course, speed, 
and weapon firing is turned over to the submarina team. This team will 
receive passive sonar bearings and screw beat information from the 
console typewriter of the CDC 1604, They will be able to control the 
movements of the submarine and its weapon firing by means of the console 
typewriter and selective jump keys. The program will query selective 
jump key number two, once each cycle, to determine if orders to the 
submarine are to be received. If selective jump key two is set the 
computer will request orders (see Man Machine Interface subsection). 
The weapons (torpedoes) can be fired by setting selective jump key three 
on the CDC 1604 console (see Man Machine Interface subsection). Under 


this condition the simulation becomes a coaflict between two teams: 
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1. A aubmarine taas using the COC 1604 console. 


2. A destroyer team using the DO 65 display console. 

1£ ISUB is unchanged by enter inpu: changes (inputs block sets 
this variable equal to sero), the moves Of the submarine are controlled 
by the computer. This being the case, two basic initial tactical sit- 
uations ere availeble to the player. Tha first of these places the 
submarina on the surface, at the origin of the playing area. The aub- 
marine knows that he has been sighted and the game proceeds. The second 
situation has the submarine randomly located in the upper half of the 
playing area. In this case the subaarine's position is not known by the 
player. It should be noted that this is the initial situation if the 
submarine ig to be controlled by a submarine tean. 

Initial situation one is selected by setting INITIAL equal to sero, 
while situation two is selected by setting this variable equal to one. 
Having selected the initial situation the computer then selects one 
of three basic strategies: 

1. The submarine runs for it. 

2. The submarine tries to trensit between the two destroyers. 

3. The submarine tries an end run, flanking the two destroyers. 
These strategies are easily followed in Appendix IT and will not be 


explored further at this point. 


SEQUENCING GF PROGRAM BLOCKS 
The blocks in this simulation are of two basic types: 
1. A single point of exit. 
2. Multiple points of exit. 
The block that has a single exit point might be called s standard block, 
in that, the block is called upon to perform a computation but no 


. 
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branching of logic is done within the block. The multiple exit block 
ig one in which the program is routed differently depending upon logic 
decisions made within the block. The sonar contact block is sn example 
of this type. In this block the routing depends upon the results ef a 
sonst search. If contact is made, the block exists to the contact 
tracking block. If no contact is mada, the block exits to consider the 
next destroyer. | 

The executive control routine flow chart in Appendix II illustrates 
the time saquencing of the major program blocks. The simulation is 
dalayed at four pointsin the program which sre: 

1. Enter input changes routine. 

2. Enter changes. 

3. Gubmarine logic block. 

4 The time loop. | 
The first of these interruptions takes place only during the initializing 
portion. At this point eny change to the input parameters is made. The 
second of these interruptions is made once during each time step, This 
is the point et which destroyer team changes are sent to the COC 1604, 
The third of these interruptions takes place if the situation using the 
eubmarine team has bee= selected. In this case the simulation may be 
interrupted every time step to allow the submarine team to enter changes. 
The fourth of these interruptions occurs each cycle end msinteins the 
time stepping ioterval. 

It will be noted that in the executive control routine, each block 
is considered in turn, no block is bypessed. In the interactions block, 
it will be noted that, sub-blocks are not alveys considered. Wo soner 
contact by the sonar contact block causes the contact tracking block co 


be bypassed. The same is true of the wespon firing block if the tracking 
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block does not generate s setisfactory track. 


MAN MACHINE INTERFACE 

This subsection is concerned with communications, doth into and 
out Of the computer. These men-machine ccemunicationg fall into four 
types: 

1. Data to and from the destroyer team. 
2. Data to and from the submarine team. 
3. Data to the various sodes of the critique routine. 
4. Input changes. 
The first type breaks into three parca: 

1. Right tube information. 
2. Left tube information. 
3. Changes sent to the CDC 1604. 
The right tube gives the destroyer team data in tabular form as illustrated 
re Figure 3. The left tude will display the tracks of the destroyers, 
any sonar contacts, and all pools and clouds of radiation. Also included 
in the displsy on the left tube is a series of windows in which data can 


be displayed. The windows are nuabered as shown in Figure 2. Window 


data assignments are as listed below, 


Window Data i nt Units 
1 X-coordinate of destroyer 1 100 yards 
2 X-coordinate of destroyer 2 100 yards 
3 Y-ccordinate of destroyer 1 100 yards 
4 Y-coordinate of destroyer 2 100 yards 
5 Course of destroyer 1 Degrees true 
6 Speed of destreyer 1 Knots 


x 
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Window Date Assigrment Quits 
7 Course of destroyer 2 Degrees trua 
8 Speed of destroyer 2 Kaots 
9 X-coordinate of left tube center 100 yards 
10 Y-coordinate of left tube ceater 100 yards 
11-14 Availeble for flash messages Alfa-numeric 
15 Not used 
16 Radius of display on left tube 1000 yards 


Windows 5-10 and 16 are controllable from the DD 65 console by means of 
a discrete digital type control system. In this manner tha player is adle 
to change the dastroyer course and speed, or “zoom the display in o@ eny 
poi.t in the area of play. Let us first consicer windows five chrough 
eight. 

On the DD 65 console (see Figure 4) there are buttons labelled 
CONN DD 1 and CONN DD 2. By depressing one or both of these buttons the 
player is given control of the course and sveed of the destroyer or 
destroyers selected. Near tha button just selected is a group of four 
buttons (see Figure 4) labelled RIGHT, LEFT, PAST/UP, and SLOW/DQIN. 
Depressing one of these buttons will cause cha appropriate variable in 
windows five through eight to change in the desired direction. As an 
example, if the player depresses both CONN buttons and then the button 
labelled RIGHT - both destroyers will commence a turn to the right. 
They will continue this turn until the buttca labelled RIGHT is released. 
The player can “come to a course” by depressing the correct button until 
the desired course is displayed in the respective window. The same 
procedure is used for changing speed. It should be noted that the 


windows can be changed to values that are unacceptable, such as -5 knots, 
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im this case the program will cause this value to be changed back into 
the ecceptable range during the following cycle. The walue of course 
can be increesed to values greater than 360 degrees, in which case the 
progres will correct to the acceptable value. Yor exampie, if the savas 
increases the courre to 320 degrees, the program wiil convert this to 
030 degrees during the next cycle. 

The same basic procedure is utilized to “zoom the disp lsy to any 
lecation desired. First the pleyer selects the button labelled SHIFT 
(sea Figure 4). He now has control of windows nina and ten. Davvesdins 
the button labelied RIGHT will cavse the display to shift to the right, 
LEFT accomplishes the same action but to the left, and similarly with UP 
andl DOWN. To zoom in, the rttary switch in the upper right hand corner 
of the console is used (see Figure 4). This switch has six positions 
labelled 4, 8, 16, 32, 64, and 128. Selection of one of the six positions 
will cause the radius of the displeyed area to bea that of the value 
selected, in thousar+s of yards. As an example, selecting SHIFT and 
changing windows nine and ten to 240 and 150 respectively, then setting 
the rotary switch to eight, will cause the srea centered at (24000,15000) 
with a radius of 8000 yards to be displayed on the left tube. Note that 
window 16 will show the value eight, while windows nine and ten will show 
240 and 150 respectively. 

Windows 11 through 14 are used to send the player the following 
flash messages. 

SOVMAR CONTACT 
ASROC FIRED 
ASROC MISFIRE 
SUB SUNK 


DD SUNK 
32 


~ 


Nate g ls ew? 


. 
Fee me ee apm Reg se re 


Fg a re te rl ee CR I RE ERS mae SENSE 


¥ wanoxd 


! 
rT wo7 baweas | 
dTgnNt 


So ervog X35} 


ee 


l\naws DOWIBY 3103N90 §=—6509 


TARGET IN RANGE 

TARGET TOO CLOSE TO SHOCY 

TARGST CUT OP RANGE 
Another method of comaunications is available to the dastroyer team. 
By depressing the DD 1 FIRE button, destroyer number one fires an ASROC. 
The same procedure is used with the DD 2 FIRE button. 

The next type cf communications avaiable ia that of the submas lus 
team. This is, of course, non-existent if the option is cnosen in which 
the submarine is played by the computer. The submarine team will receive 
messages each cycle containing bearing and screw’beat information, The 
submarine team may then choose to maneuver the subuarine by setting 
selective jump key number two on tha console of CDC 1604. Thea computer 
will then type COURSE ORDERS on the console typewriter. This is the 
indication that the computer is raady to receive course changes. If no 
change is desired, the old course is typed in. If a change is requested, 
the new course is typadin. The course typed in should be of the form 
090. followed by a carriage return. This will change the course and the 
computer will return NEW SUB COURSE 090. This completes the cource change 
cycle and the computer will then type SPEED ORDERS, the same procedure 
igs used to enter speed changes. Upon completion of the speed entry the 
computer will return NEW SUB SPEED 15, followed by DEPTH ORDERS. The new 
depth is now entered, and the computer will returo NEW SUB DEPTH 1050. 
The routine is now finished and the program continues. 

The only other action aveilable to the submarine team is that of 
firing torpedoes. This is accomplished by depressing selective jump key 
number three until the typewriter returns TORPEDO FIRED. At this time 


the selective jump key should be returned to the normal position, unless 
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another torpedo is desired. If a hit is ecored, the typewriter will 
return DESTROYER SUNK. When both dastroyars are gunk the typewriter 
will ceturn GAME OVER. At the beginning of the gome, the typewriter 
will give the submarine team the following information: 

1. Maxinun eieedatstiable to diteariaw 

2. Maximum depth allowable. 

The third type of communication ig with the various eritique rout ines, 
Critique is accomplished in three ways: 

1. A recording of all information on the DD $5 display is recorded 
by the tape unit near the DD 65. 

we A graph of the tracks of the DD's, submarine, and all radiation 
ie made on tape unit eight of the CDC 1604 (the graph has geme tine 
recorded by each mark to aid in correlating with the various other parts 
of the critique routine). | 

3. A critique of all important events and their time is» cecorded 
on tape unit five of the Coc 1604 for print out at the conclusions of the 
gama, . 
These three methods of critique, if correlated, will give an excellent 
"replay" of the simulation. Any communication with the program other than 


listed above will be accomplished as described by Leach and Perrella [5]. 


TIMING 
The timing of this simulation is done by means of a time loop block. 
In this block, the contents of cell 5006B in the CDC 1604.ig tested and 
stored as ICLOCK. A variable, NEXT, is generated as the sum of ICLOCK 
and ISTEP, the stepping interval. ISTEP is determined from another variable 
TFACTOR that is equal to one for real time. TFACTOR equal to three would, 


for example, cause the gume to run at three times real time. When ICLOCK 
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becomes greater than or equal to NEXT the loup is exited and the simu- 
lation continues. This procedure is easily followed in Appendices 


II and IV, 
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6. CONCITSIONS AND ACKNOJLEDGEMENTS 

The considerations made in the foraulation snd construction of 
this simulation have made some observations possible. Only the basic 
modular structure of the piaulacisacvae bean considered in detail. Bach 
individual modular block has dean designad in as simple a form as 
possidle while maintaining save degree of realism. The simulation is 
sound in ite general organization. New program blocks may be substituted 
making the simulation as realistic as desired. It is hoped that this 
simulation will be played with more sophisticated models and on-line 
equipment of greater capacity so thet doctrine and tactics in the area of 
self-inflicted nuclear environment way be explored. 

It was found that the general purpose computer language was com- 
pletely satisfactory for the conetruction of this simulation. The mod- 
ularization technique made the Icgical organization of the simulation 
straight forward and ie recommended for use in future simulations. 

The author wishes to express his appreciation to Professor 
Mitchell L. Cotton and Professor Alvin F. Andrus for their aid and 
encouragement in the preparation of this thesis. In addition, the author 
would like to thank Miss Patricia Hoang for her assistance in programing 
the linking subroutines and LopR Richard E. DeWinter for his comments 


in proofreading tha manuscript. 
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APPSmDIX I 


LIST OF VARIABLES 
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This Appendix contsins « listing of the variables used in the 


simulation KULWUCI, arranged in alphabetical order. 


Vatiabdle 
AROCMAX 


AROCMIR 


BHPTS 


CENTERS 


cLonpa (1) 
CLOUDX(1) 


CLOUDY(1) 


CORTB (I) 


cONTc(T) 


CONTR (I) 
conts (1) 


CONTX(T) 


CONTY (I) 


Definition 

Maximum range of the ASROC, in yards. This is an 

input parameter, set equal to 9,000 yards by the inputs 
block and can be changed in the change inputs block. 
Minimun safe range for the ASROC, in yards. This value 
is computed ia the initializing block, and is a function 
of warhead size. 


Last bearing the submarine held of tha nearest destroyer, 
in degrees true. 


A dummy variable used in the contact tracking block 
for the determination of contact speed. 


The course such that the submarine will split the 
channel between the destroyers, in degrees true. 


Radizs of the i°® cloud of tadiation, in yards. 


X-coordinate of the ith cloud of radiation with respect 
to the main coordinate systea, in yards. 


Y-coordinate of the i®® cloud of radiation with Fespect 
to the main coordinate system, in yards. 


Bearing of souar contact of gth destroyer, in degrees. 
true. 


Contact course, as computed by the contact tracking 
block, in degrees true. 


Sonar range to contact, as measured by the qth destroyer. 


Contact speed as computed by the contact tracking model, 
in knots. ith ateeniahe Saucy 


X-coordinate of the im destroyer's contact, in yards, 
with respect to the main coordinate syster. 


Y-coordinate of the ih destroyer's contact, in yards, 
with respect to the main coordinate system. 
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Variable 


D 


DAMAGE 


ppc (1) 
DDS (1) 


DDSMAX(I) 


pDX(1) 


DDY(I) 


DETR 


DETRM 


pistc(1,J) 


DISTP(I,J) 


DCB 


DR 


DT DE 


DUMMY 


b>) ¢ 


Definition 
Difference detwean the true bearing to the avbmarins 
from the destroyer and tie submatine's true course, 
in degrees. This is used in the determination of 
doppler. 


Absolute value of D. 


Percent damage to the submarine from the current 
detoration. 


Cumulative damage to the subaarine, in percent. 

Course of tha i*® gestroyer, in degrees true. 

Spead of the yth destroyer, in knots. 

Maximum speed available to the jth destroyer, in knots. 


X-coordinate of the ith destroyer, in yerds, with 
Tespect to the main coordinate system. 


Y-coordinate of the i°® destroyer, in yards, with 
respect to the main coordinate systen. 


Netection range, in yards. This is e random variable 
with mean DETRM and normally distributed with signa 
of .3 times DETRM. 


Mean detection range, in yards. A function of GRAD 
SUBD. 


Distance of the pth destroyer from the center of the 
jth cloud of radiation. 


Distance of the i? destroyer from the center of the 
jth pool of radiation. 


Depth of burst, in feat, of ASROC warhead. 


Advance of the destroyer considered, in yards, between 
warks as considered by the tracking acdel. 


Total time delay from the firing of an ASROC and the 
detonation, in seconds. This includes time of flight 
and time of sishing. : 


A dummy variable used throughout the program. 


East-west advance of the destroyer considered, in yards, 


between marks as considerad by the tracking model. 
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Yariad'a 
bY 


GTDS 


GZx 


Tasa0c 


ICLASS (1) 


ICLOCK 


icdacx(T) 


icmcry(N 


ICONTB(T) 


ICONTC(1) 


IcRIT# 
1 


2 


Definition 
North- south edvance of the destroyer considered, in 


yards, between marks as considered by the tracking 
model, 


Effective sonar range, in yards. Computed by the 
initislizing block. 


Water temperature gradient, in degrees per hundred 
feet of depth. 


Gama tine, in minutes. At the start of the geme 
GTIME is sero. 


X-coordinate of ground gero foc the detonation 
considered, in yards, with raspect to the main 
coordinate system. 

Y-coordinate of ground zero for the detonation 
considered, in yards, with respect to the main 
coordinate system. 

Submarine hull thickness, in inches of steel. 


Hull nuaber of the destroyer that fired the last 
ASROC. I£ no ASROC has been fired, IASROC is zero. 


Sonar classification of the i*> destroyer’s contact. 
0 = no contact, 1 - possible submarine, 2 - probable 
submarina. : 


Contents of location 5006B in the CDC 1604. The CDC 
1604 steps this cell once every second. 


A dummy vector of X-coordinates of points to transmit 
circles to the display. 


A dummy vector of Y-coordinates of points to transmit 
circlas to the display. 


Pixed point version of CONTB(I), used to transmit to 
the display. 


Fixed point version of CONTC(I), used to transmit to 
the display. 


A series of critique indicators. 0 - pass. 
1 - scaar contact 


1 + ASROC fired 


nage 


a ene iE i oe nen deat at 


Variable 


ICRIT# 
ge 
4 


12 


13 


Definition 


1 + torpedo fired 


1 - ASROC misfire 


~ 
‘ 


target in range 

1 - subd eunk 

1 - destroyer sunk 

1 - target too close to shcor at 

1 - target out of ASROC range 

1 - game is a draw, submarine escaped 


1 - submarine wins, destroyer 1 gunk with submarine 
ascaping 


eusmarine wins, destroyer 2 sunk with submarine 
escaping 


~ 
¢ 


1 - submarine wins, both destroyers sunk 


~ 
e 


destroyers win, submarine sunk by destroyer 1 
1 - destroyers win, subasrine sunk by destroyer 2 
1 - submarine wins by transiting between the destroyers 


Fixed point version of D5C(1D, used to transmir to 
the display. 


Fixed point version of DDS(I), used to transmit to the 
display. 


Fixed point version of DOX(1), used to transmit to the 
display. : 


Fixed point versicn of DOY(I), used to transmit to the 
display. 


An index used to indicate the classification of nuclear 
burst. 1 - very shallow, 2 - shallow, 3 - deep, 4 - 
very deep. 


An index weed to indicate the doppler of the 1% 


destroyer's contact. 0 - no dopplar, 1 - up doppler, 
2 ~- down doppler. 
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IZND 


poBe F 3 


TLOSIC 
1082 


INITIAL 


IsEoorl 


ISROOT2 


iseL(D 


ISTEP 


Topp(1, J) 


Refinition 


An index used to indicate game over. 0 - game not over, 
1 - game over. 


An index used to indicate if the submarine has fired a 
torpedo. OQ = torpedo not active, 1 - torpedo still 
active. 


A logic index used in the submarine model. 


The lowest destroyer hull number. Equal to 1 at the 
beginning cf the game. If destroyer number one is gunk 
the IONE is equal co two. 


An index of the initial situation. 0 - submarine at 
the origin, 1 - submarine randomly distributed in 
the upper half of the playing area. 


Radius of display area, in thousands of yards. 
A random number selected to initialize the randoa 


number gererstor. This cunber must be an odd integer 
in the interval 1 to 67108863. 


cs flag used to activate the firing scquence for 


destroyer 1. 0 - do not sheot, l = shoot. 


A flag used to activate the firing sequence for 
destroyer 2. 0 - do not shoot, 2 - shoot. 


A progressive index cf the quality of the firing 
sclution the itd destroyer has on its target. 0 - no 
solution, thru 5 - best solution. 


Sea state. 
Fixed point version of ISTEP. 


Submarine basic strategy when the submarine is controlled 
by the computer. 0 - rum for it, 1 = go up the middle, 
2 - end run. 


Fixed point version of SUBC. 


Logical index that records the submarine's initial 
turn. O - left turn, 1 - right turn. 


X-coordinate of center of displayed area, in hundreds 
of yards with respect to the main coordinate system. 


A dynamic table cf trick data, recording the X-coordinate 
of the jth mark of the ith destroyer. The maximum value 
of j is eight. &ntries are in yards, with respect to the 
main coordinate system. 
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Variable 


Txp01(1) 
Loo2.) 


Tisva(1,J) 


Ixsual(D 
rxsu32(D 


Tro 


Typp(1,J) 


LypD1(1) 
Trpp2() 


TYSUB(1,J) 


Refinition 
Thia variable is equal to LOO(]1, D. 

This variable is equal to Ixpp(2, I). 

& dynamic table of track data, recor.ing the X- 
coordinate of the jth mark of the ith dastroyer's 

sonar contact. The maximum walue of j ia eight. 

Entries are in yards, with raspect to the main coordinate 
systen. 

This variable is equal co rxsus(1,y). 

This variable is equal to IXSUB(2,1). 


Y-coordinate of center of displayed area, in hundreds 
of yards with respect to the main coordinite system. 


A dynamic table of track data, recording the Y-coordinate 
of the jth mark of the ith destroyer. Tha aiximus 

value of j is eight. Entries are in yards, with respect 
to the main coordinate system. 

This variable is equal to rymoGy. 

This warisble is aqual to Irvpo(2,0. 

A dynamic table of track data, recording the Y-coordinats 
of the jt? mark of the 1% destroyer's scnar contact. 
The maximua value of j is eight. Entrics are in yarde, 
with respect to the main coordinate syst.a. 

This variable is equal to IvsuB(l, QD. 

This variable is equal to IySu3(2, I). 


Fixed point version of WRDD, used to transmit data to 
the display. 


Number of continuous marks, up to five, tha yeh 
destroyer has on his sonar contact. 


A dummy variable. 


Numder of constant bearing the suimarine has on the 
nearest destroyer. 


Time of the next cycle, in seconds of computer time. 


Same as MARKS(I) except NMARKS(I) does not stop at five. 
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Variable Definition 
NOSL.OOT Index to limit destroyers to one active weapon at 8 


time. O + there are no active weapons, alright to 
shoot, lL = there is an active weapon, cannot shoot. 


NTTS Iniex used to control diaplay data until there are 
efgnt point available on destroyer tracks, 


NPTS1 A diwamy variable. 
NPTS2 A dummy vartable. 
NRDO The highest destroyer hull number. Equal to 2 at the 


‘Deginning of the game. If destroyer number two is 
sunk then H2bD is equal to one. 


HSEOTS Total number of aAS20C's fired during the gaze. 
2UTy A tendon variable used to determine if a torpedo, fired 


by the subrarine, hit the dastroyer. 
PUCLR(1) = Radius of the if pool of radiation, in yards. 


FOOLX(1) X-coordinate of the ith pool of radiation, in yards, 
with raspect to the main coordinate syaten,. 


POOLY (%) Y-coordinate of tha ria pool of radiation, in yards, 
with tespect to the main coordinate system. 


. . z ; 
anata aaa atalitins Leeteeceeen week Meth ant ot acen, aan nn ccomte nner RRR EO REG EIT I 


R Radius of the displayed area, in yards. 
REL A random variable used to determine ASROC reliability. A 
k 
RADDOSE(I) Total radiation dose the qth destroyer has been exposed i 
to during the game, in roentgens. ; 
RADEATE(I) Tne rate et which the 1%? destroyer is recaiving 
radiation, in roentgens/hr. ; 
H 
RAIDOM The random variable us2d to link the various random : 
generators. if 
RANGE . A dummy variable used as a temporary storage in range 
calculations. 


RLETHAL The lethal range of the ASROC warhead, in yards. 


SAFETY Safety factor used to compute submarine maximum 
Operating depth as a function of the crush depth of 
the hull, 

SB(I) Screw beat count of the i destroyer as reasured by the 
submarine. 
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Variable 


STGMA 


$3 


§s3\(1) 


STRESS 


SuaC 
SUB) 


SUBDMAX 


SUBS 
SUBSMAX 


SUBX 


SUM 


TBURST (1) 


TBHP 

TEMP 
TEMP2 
TEMP3 
TE04 
TEMP5 


TEMPCR(1,J) 


TEMPPR(1, JS 


Definition 


A dummy variable used in the calling of normally 
distributed random variablas. 


Sing rate of the ASROC warhead, in feet per second. 


Tha actual beating of the sumarine from the yh : 
destroyar, in deztaes true. 


Yield strength of the steel usad in the submarine 
hull, measured in thousands of pounds per square inch. 


The true submarine course, in degrees true. 
The actual submarine depth in feet. 


The maxicum allowable operational depth of the submarine, 
Ey feet. 


The actual speed of the submarine, in knots. 
The maximum speed available to the submarine, in knots. 


The actual submarine X-coordinate with respect to the 
main coordinate system, in yards. 


The actual submarine Y-coordinate with respect to the 
tain coordinate system, in yards. 


A dummy variable used in the canmputation of radiation 
dose. 


Time of detonation of the ith ASROC warhead, measured 
in game time. 


A dummy variable. 
A dummy variable. 
A dummy variable. 
A dumny variable. 
A duamy variable. 
A dummy variable. 


The radiation rate received by the jth destroyer frou 
the jth cloud of radiation, in roentgers per hour. 


The radiation rate received by the th destroyer from 
the jth cloud of radiation, in roentgens per hour. 
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Varijabdle 
TFACTOR 


TCP 
TOS 
TSTEP 


Trop (I,J) 


TyDD(1, J) 


TXSUB(I,J) 


TYSUB(I,J) 


‘Definition 


A time factor, 1 - real time, 2 + doubla time, .5 - 
half cime. 


Depth of the thermocline, in feet. 


A dumay variable used in the computation of courses end 
bearings. 


Time to intercept of a torpedo fired by the submarine, 
in minutes. 


A time storage point usad to control timed logic. 
Time of burat, this includes time of flight and sink 


time of the ASROC warhead, measured in minutes of game 
time. 


Time of tlight of the ASROC warhead, in seconds. 

Sink time of the ASROC warhead, in seconds. 

The time step for each cycle of the game, in seconds. 

A temporary stcrage of the yt past position X-coordinate 
of the ith destroyer used in preparing track data for the 
dispiay, measured in yards. 

A temporary storage of the jth past position Y-coordinate 
of the ith destroyer used in prepering track data for the 
display, measured in yards. 

A temporary storage of the yeh past position X-coordinate 
of the ith destroyer's sonsr cor: act used in preparing 
track data for the display, measured in yards. 

A temporary storage of the yeh past position Y-coordinate 
of the it destroyer's sonar contact used in prevsring 


track data for the display, measured in yards. 


The relative velocity of the torvedo fired by the sub- 
marine, with respect to the destroyer target, in knots. 


A dummy variable used to determine the destroyar that 
is closest to the submorine. 


A dummy variable used to determine the destroyer that 
is closast to the submarine. 


Wind direction in degrees true. 


Wind velocity, in knots. 
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one 


RE OO ee 


Variadle 
x(1,J) 


z0(I,J) 


x0 


xXTEMP 


¥(1,J) 


yoo (1, J) 


YISLO 


Definition 


The X-coordirate of the dastroyer's rhe continuous 
mark on its sonar contact, in yards, with respect to 
the main coordinste systen. 


yeh 


The X-coordinate of the pth destroyer j-l steps ago, 
in yards, with respect to the main coordinate system. 


The X-coordinate of the center of the displayed area, 
in yards, with respect to the main coordinate systan. 


A dummy variable used for temporary storage of X-coordinstes. 
The Y-coordinate of the 1°" descroyer'’s j°) continuous 
mark on its sonar cortact, in yarde, with respect to the 


main coordinate system. 


Tha Y-coordinate of the ith dastroye. j-l steps ago, 
in yards, with raspect to the main coordinate systen,. 


The yield of the ASROC warhead in kilotons. 


The Y-coordinate of tha center of the displayed area, 
in yards, with respect to the main coordinste syste. 


A vector of destroyer and sutaarine X-coordinates used 
by the graph plot routine in Critique I. 


A vector of cestroyer and submarine Y-coordinates used 
by tae graph plot routine in Critique I. 
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APPENDIX IT 
LOGIC FLOW DIAGRAMS 
This Appendix contains a series of logic flow diagrams az listed 
below. 
Executive Control 
Plot Ganerator 
Interactions 
Radiation Model 
Submarine Logic Model 
Run for It 
Up the Middle 
End Run 
Submarine Team Control 
Sonar Gantace Model 
Contact Tracking Model 
Weapon Firing Model 
Evalustion Model 
Critique I 
Critique IT 
It will be noted that the statement number from the program Listing is 
shown in the upper right hand corner of each symbol in tha block diagram. 


This should aid in correlating this Appendix, with Appendix Iv. 
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FLOW CHART SYMBOLS 


A connector or terminal. 


An offpage connector, 


A predefined process or module/subroutine. 
A more detailed fiow chart of this gubroutine is also 
included. 


Input/output other than display, 


Decision. 


Procesuing. annotation. 


Displey. 
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APPTIDIX IIT 


SUBROUTINES AND “OC 160 EXECUTIVE RCCTINE 


This Appendix contains as ex>lanation of the subroutines used in 
the main progres and the COC 16C executive routine used to connect the 
CDC 1604 with the DD 65 dispiay. A listing of these subroutines can be 


found in Appendix IV. 


SUBROUTINE RANVAR 

Subroutine RANVAR is ueed as the basic raixniom nuaber generator. It 
generates random floating point owbers in the intervel sero to one that 
are distributed uniformly in that interval, The candos variables used 
in the asia program are called from either UNTPORM, NORMAL or ERROR 
subroutines which in turn call RANVAR for input. The generator {s @ 
simple fixed point division utilising the reasinder from the Q register 
ae the rendom nusber. This number is then mapped iato the zero to one 
faterval. Only one input is required to initialize this generator, 


namely IRANDOM. 


SUBROUTINE UNIFORM 

Subroutine UNIFORM is « three argument subroutine used to generate 
uniformly distributed random numbers in any interval. The arguments are: 

1. The center of the intervel. 

2. The tal€ width of the interval, 

3. The output rendom nusber. 
An example would be UNIFORM (5.0, 2.0, SUBS). This call would yield the 
variable SUBS, submarine speed, uniforely distribeted in the interval 


with center et five knots and plus cr minus two kaets. : 
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SUBROUTINE NORMAL 


Subroutine NORMAL is # three argument subroutine used to generate 


nemschiy distributed cantom numbers wita any meau end standards davietion. 


This normal distribution fe generated by means of the sm of identically 


distributed (uniform) randeg variables. Twelve uniform risbers era used 


because: 


1. 


2. 


required. 


The truncation is not significant. 


lve reduces the formula to 32 summation and no division is 


Tie argweents to this subroutine are: 


The mean of che distribution. 


The sigaua of the distribution. 


The output random oumber. 


SUBROUTINE ZRROR 


Subroutine ERROR is a five argument subroutine used to generate 


circular norma! distributed random variables. This subroutine is used 


to determine the true fall of shot given the aiming point and CEP or 


sigma of the distribution of fall or shot. The argusents are: 


1. 
2. 
3. 
4. 
5. 


The X-coordinate of the aim point. 

The Y-coordinate of the aim point. 

The siges of the circular normal distribution. 
The XK-coordinate of the fall of shot. 


The Y-coordinate of the fall of shot. 


SUBROUTINE CIRCLE 


Subroutine CIRCLE is used to generate a series of points, 24 in 


nunber, every 15 degrees around the perimeter of a circle of predetermined 
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Genter and radius. Thea circle is thea used in the formstion of the 


circular clouds and pools of radiation displayed to the destroyer teem. 
The arguseuts ara: 

l. The X-coordinate of the center of the circle with respect to 
the main coordinate syrta- 

2. The Y-coordinite of the canter of the circle with respect to 
the main coordinate aysten. 

3. The radius of the circle with respect to the main coordinate 
systen, 

& The X-coordinate of the center of tie displey with respect to 
the main coordinate systes. 

3. The Y-ccordinate of the center of the display with respect to 
the main coordinate syste. 

6. The radius of the displayed area. 

7. <A wector of X-coordinates of the 24 points in the circle with 
Tespect to the display coordinate systen. 

8. A vector of Y-coordinates of the 26 poiots in the circle with 


Yespece to the display coordinate systen. 


SUBROUTINE DCIRCLE 


DCIRCIZ is a subroutine used to transsit the circle coordinates, 
generated in subroutine CIRCLE, to the CDC 160 from the COC 1604. The 
arguments to this subroutine sre: 

1. YTRENO - the track of circle nusber by which this perticuler 
circle can be designated. 

2. CHAR - a single letter or number in bollerith fora that is to 
be displayed as one of the points in the circle 

3. In the program MULNUC] the letter c and p sre used to dis- 


tinguish between clouds and pools of radiation. 
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4& NOMPTS - the number of points in the circle. 
S. IX - a vector of X-coordtuates for the circle. 


6. LY - a vector of Y-coordinates for the circle. 


SUBROUTINE DIRACK 
Subroutine OTRACK is used to transmit crack data to the Coc 160 
from the Cpe 1604. This subroutine will send tracks of up to aight points 
to the CXC 160. The arguments to this subroutine are the same as those 
in DCIRCLA, in fact the two routines are identical with the exception of 


the allowsble number of points. 


SUBROUTINE DSTATUS 

DSTATUS is a subroutine used to transmit information to the windows 
dascribed in the section on Man Machine Interface. This information can 
be in two forms: 

i. Program variables in fixed point forn. 

2. Messages in holleriih form. 

Tha erguvents are: 

1, ITYPE - caro represents a numerical program variable is to be 
sent, while one indicates that an eight hollerith character word is to be 
sent. 

2. NWIND - the aumber of the window to which the variable or word 
is to be sent. 

3. IW - the field width of the variable. 

4. TRAME - the name of the variable to be transmitted. 

5. IK - the X-coordinate of the lower left hand corner of the 
window. 

6. I¥ - the Y-coordinsate of the lower left hand corner of the 


window. 
72 


It should be noted that windows are 1268 display coordinates unita long. 
If « message in the form of words is to be sent to the display and it is 
longer than er:ghct letters (the length of one window) tt cen de sent by 

mearg Of more than one window. These vindows sbould be displaced by 128 
unite in the X direction, thus the windows may form a continuous word of 


more than eight characters. 


SUBROUTINE PARAMS 
PARAMS is an eight argument subroutine used to cuery the Coc 160 
sa to the contents of cight selected windows. This subroutine allows 
the main program, in the CDC 16C4, to enter changes thet have been nade 
to the windows of thea disaley by the player. This is the only method the 
pleyer nas of coumunicating with the program without interrupting the 


Piay. The oight argusents to this subroutine are: 


5 


- the contents of window 5 
- the contents of window 6 
- the contents of window 7 
contents of window § 


- the contents of window 9 


FE Eek 


- the contents of window 9 
7A - ihe contents of window 16 
8A - the mmeric value of a location in the COC 160 that ig 


controlled by the DD1 FIRE and DD2 FIRE buttons. 
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APPENDIX IV 
PROGRAM LISTING 
This Appeodix containg the computer program listing of the simu- 
lation MULMX1. The program blocks ara in numerical order and the logic 
can be followed by cross referencing this Appendix with Appendix I. In 
thie program all classified input parameters have been assigned fictitious 
values go thet the crogram, as presented in this thesis, could remain 


unc Llassified. 
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